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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Background/purpose: Contemporary one-step self-etch adhesives are certainly the
most user-friendly adhesives; however, typically could not compete with the more traditional
multi-step adhesives. This in vitro study evaluated the efficacy of two modes of application
(double application or placement of a hydrophobic resin coating) for the reduction of micro-
leakage, using three different one-step self-etch adhesives (AdheSE One VivaPen, Ivoclar Viva-
dent, Schaan, Liechtenstein; Xeno V, Dentsply De Trey, Konstanz, Germany; OptiBond All-In-
One, Kerr Italia S.r.l, Scafati, Italy).
Materials and methods: We prepared Class V cavities with the occlusal margin in enamel and
gingival margin in dentin on both buccal and lingual surfaces of 108 human molar teeth.
Cavities were divided into nine groups according to the combination of adhesives and applica-
tion modes used (n Z 24). For applying adhesives, we followed three types of procedures:
(1) according to the manufacturers’ directions; (2) using a double-application method; and
(3) with the additional placement of a hydrophobic resin layer after following the manufac-
turers’ directions. We restored the cavities with a composite resin. After thermocycling (500
cycles at 5C/55C) and immersion in 0.5% basic fuchsin, we sectioned the teeth and evaluated
them for microleakage using a stereo microscope (20). Enamel and dentin margins were
scored separately, and we analyzed the data using KruskaleWallis, Bonferroni-corrected
ManneWhitney U, and Wilcoxon signed-rank tests.
Results: Application of a hydrophobic resin over the cured Xeno V adhesive decreased the
amount of microleakage at the enamel margins, compared with the application according to
the manufacturer’s instructions (P Z 0.005). Both application modes decreased the amount
of microleakage at the dentin margins with AdheSE One VivaPen adhesive, compared withof Operative Dentistry, Faculty of Dentistry, Selcuk University, 42079 Selcuklu, Konya, Turkey.
du.tr, muulker@hotmail.com (M. Ulker).
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426 M. Ulker et alapplication according to the manufacturer’s instructions (P < 0.001). With the OptiBond All-In-
One adhesive, no significant difference between application modes was observed.
Conclusion: Alternative modes of application did not adversely affect the sealing ability of
one-step self-etch adhesives. Depending on the type of adhesive, alternative modes of appli-
cation may contribute to low microleakage values.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Two types of adhesive systems (total-etch and self-etch
adhesive systems) are currently available for bonding to
dental hard tissue. Use of self-etch adhesives containing
acidic monomers eliminates the need for separate etching,
rinsing, and drying steps. Such procedures reduce the
technique sensitivity and improve the efficiency of clinical
procedures by reducing chair time.1 Thus, several self-etch
adhesives with one- or two-step applications have been
introduced for use in dentistry. One-step self-etch adhe-
sives, also known as “all-in-one” adhesives, are user
friendly because they incorporate all components of an
adhesive system (etchant, primer, and bonding resin) into
a single solution.
Although one-step self-etch adhesives are easy to use,
they are highly hydrophilic and act as semipermeable
membranes that allow the passage of dentinal fluids across
polymerized adhesives.2,3 Water is an essential ionization
medium when mixing self-etch adhesives; following
completion of the ionization reaction, residual water may
remain in the hybrid or adhesive layer. This excess water
may prevent the optimal polymerization of adhesive
monomers and lead to phase separation, thereby
compromising the mechanical properties of the adhesive
layer.1,4 Several authors assert that one-step self-etch
adhesives do not perform as well as their multistep
counterparts.5e7
To counter these drawbacks, researchers have recom-
mended two alternative treatment strategies8e11: (1)
applying multiple coats of one-step self-etch adhesives
(exceeding the number of coats recommended by manu-
facturers) or (2) treating one-step self-etch adhesives as
a primer and covering them with a hydrophobic resin
coating (converting them into two-step adhesives).
Although these approaches have been shown to improve the
enamel/dentin bond strength of one-step self-etch sys-
tems,8e11 little research to date has addressed their effects
on microleakage at restoration margins.
One of the greatest challenges in restorative dentistry is
the achievement of an effective seal at the tooth/resto-
ration interface. Achieving such a seal would minimize
microleakage and its consequences, such as postoperative
sensitivity, pulp inflammation, and recurrence of
caries.12,13 Thus, the aim of this in vitro study was to
evaluate the effect of two different modes of application
(double application or the addition of a hydrophobic resin
coating) on microleakage and to compare these outcomes
with the manufacturers’ recommended application
methods, using three different one-step self-etch adhesive
brands.Materials and methods
We tested three one-step self-etch adhesives: AdheSE One
VivaPen (Ivoclar Vivadent, Schaan, Liechtenstein), Xeno V
(Dentsply De Trey, Konstanz, Germany), and OptiBond All-
In-One (Kerr Italia S.r.l, Scafati, Italy). Table 1 presents the
brand names, batch numbers, compositions, and applica-
tion modes for these materials.
We removed soft-tissue remnants from 108 extracted
human molars and stored the teeth in distilled water at
room temperature, using them within 6 months of extrac-
tion. Standard Class V cavity preparations (mesiodistal
width Z 4 mm, occlusogingival length Z 2 mm, and
depth Z 2 mm) were performed on the buccal and lingual
tooth surfaces with a cylindrical diamond bur in an air/
water-cooled high-speed turbine. A single operator
prepared the standard cavities without beveling, such that
the occlusal margin was in enamel and the gingival margin
was in dentin. The teeth were first randomly divided into
three groups (according to the adhesive used) and then into
three subgroups (according to the application mode), with
24 cavities being assigned to each subgroup.
We applied the one-step self-etch adhesives to the
cavities using one of three methods (Table 1): according to
the manufacturers’ directions (Group 1, control); using the
same method as in Group 1, but performing the application
twice (Group 2); and according to the manufacturers’
directions, but with the additional application of a hydro-
phobic bonding layer (Bond; Clearfil SE Bond, Kurashiki,
Japan) over the cured adhesive (Group 3).
The operator restored all cavities with a composite resin
(Gradia Direct Anterior, shade A2, GC, Tokyo, Japan) and
allowed the preparation to cure for 40 seconds. The
adhesives and composite resin were then polymerized with
a light-emitting diode light-curing unit (Elipar FreeLight 2,
3M ESPE, St Paul, MN, USA) with an output irradiance of
1000 mW/cm2 at a constant distance of 2 mm from the
surface. After finishing and polishing with a graded series of
flexible disks (Sof-Lex, 3M ESPE), we stored the specimens
in distilled water at 37C for 24 hours. The specimens were
then thermocycled in a thermal cycling machine (Nova,
Konya, Turkey; 500 cycles at 5e55C (2C), 30-second
dwell time). We sealed the root apices with epoxy resin and
covered the tooth surface with two coats of nail polish,
except for 1 mm around the margin of each restoration. To
minimize dehydration of the restorations, we placed the
teeth in water as soon as the nail polish dried. The speci-
mens were then immersed in a 0.5% basic fuchsin solution
at room temperature for 24 hours. Following completion of
the dye immersion, we rinsed the specimens for 5 minutes
under running water to remove excess dye and sectioned
Table 1 Brand name, batch number, composition, and application mode.
Brand name/batch number Composition Application mode
Manufacturers’ directions Double application Hydrophobic resin layer
AdheSE One VivaPen
(Ivoclar Vivadent)/
L17858 (pH Z 1.5)
Bis-acrylamide, water,
bis-methacrylamide
dihydrogen phosphate,
amino acid acrylamide,
hydroxyl alkyl methacrylamide,
highly dispersed silicon
dioxide, catalysts, stabilizers
1. To activate VivaPen,
click the button several times
to wet the brush with AdheSE One
2. Apply the adhesive with
scrubbing motion for 30 s
3. Air dry until there is no more
movement of the adhesive
4. Light cure for 10 s at 1000 mW/cm2
1. Steps 1e3 from the
manufacturer’ directions
2. Repetition of steps 1e3
3. Step 4
1. Steps 1e4 from the
manufacturer’ directions
2. Application of one coat of
bonding resin of Clearfil SE Bond
to the entire cavity
3. Using a light air stream to
make the bond film as uniform
as possible
4. Light curing for 10 s at
1000 mW/cm2
Xeno V (Dentsply De Trey)/
0801002439 (pH Z 1.4)
Bifunctional acrylate, acidic
acrylate, functionalized
phosphoric acid ester,
acrylic acid, water, tertiary
butanol, initiator, stabilizer
1. Dispense one drop of Xeno V
2. Apply the adhesive and gently
agitate the adhesive for 20 s
3. Air dry until there is no more
movement of the adhesive,
but for at least 5 s
4. Light cure for 20 s
at 1000 mW/cm2
1. Steps 1e3 from the
manufacturer’ directions
2. Repetition of steps 1e3
3. Step 4
1. Steps 1e4 from the
manufacturer’ directions
2. Application of one coat of
bonding resin of Clearfil SE Bond
to the entire cavity
3. Using a light air stream to
make the bond film as uniform as
possible
4. Light curing for 10 s at
1000 mW/cm2
OptiBond All-In-One
(Kerr Italia S.r.l.)/
3354615 (pH Z 1.7)
Glycerol phosphate
dimethacrylate, mono- and
difunctional methacrylate
monomers, water, acetone,
ethanol, camphorquinone,
nanosized fillers, fluoride-
releasing fillers
1. Shake the bottle and dispense
one drop of OptiBond All-In-One
2. Dip brush
3. Apply first application with
scrubbing motion for 20 s
4. Dip brush
5.Apply second application
with scrubbing motion for 20 s
6. Air dry gently, and then air
dry with medium force for at least 5 s
7. Light cure for 10 s at 1000 mW/cm2
1. Steps 1e6 from the
manufacturer’ directions;
2. Repetition of steps 1e6
3. Step 7
1. Steps 1e7 from the
manufacturer’ directions
2. Application of one coat of
bonding resin of Clearfil SE Bond
to the entire cavity
3. Using a light air stream to
make the bond film as uniform
as possible
4. Light curing for 10 s at
1000 mW/cm2
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Table 3 Microleakage distribution in dentin margins in the
study groups.
Materials Application
mode
Microleakage scores
0 1 2 3
AdheSE One VivaPen MD 3 1 3 17
DA 13 4 1 6
HR 18 0 0 6
Xeno V MD 4 0 1 19
DA 7 3 1 13
HR 11 1 1 11
OptiBond All-In-One MD 15 4 3 2
DA 16 4 1 3
HR 20 2 1 1
DA Z double application; HR Z hydrophobic resin layer;
MD Z manufacturers’ directions.
428 M. Ulker et aleach specimen buccolingually through the center of the
restoration using a diamond disk with water coolant. The
specimens were then evaluated for marginal leakage;
enamel and dentin margins were scored separately. We
then graded the degree of dye penetration under 20
original magnification with a stereo microscope (SZ 40,
Olympus, Tokyo, Japan) using the following scale14:
0 Z absence of dye penetration; 1 Z slight microleakage
(dye penetration  1/3 tooth/restoration interface);
2 Z moderate microleakage (1/2 interface  dye
penetration > 1/3 tooth/restoration interface); and
3 Z severe microleakage (dye penetration > 1/2 tooth/
restoration interface). Two evaluators analyzed the dye
penetration separately on the same day, under the same
light and temperature conditions. The evaluators had
knowledge of the study methodology and were instructed
about the evaluation criteria.
Statistical analysis
Agreement among examiners was evaluated using the
kappa test. We analyzed differences among test groups at
the enamel and dentin margins using the KruskaleWallis
one-way analysis of variance, where there were significant
differences; pairwise comparisons were performed using
the ManneWhitney U test with Bonferroni correction (0.05/
3 comparisons Z 0.017). A P value of <0.017 was consid-
ered to indicate statistical significance. We compared the
enamel and dentin margins within each group using the
Wilcoxon signed-rank test (P < 0.05). Statistical analyses
were performed using the Statistical Package for the Social
Sciences (SPSS Inc., Chicago, IL, USA).
Results
The assessment of microleakage revealed interexaminer
kappa scores exceeding 0.9 for all tests. No combination
of one-step self-etch adhesive and application mode
completely eliminated leakage from restoration margins.
Table 2 and Table 3 show the extent of leakage at the
enamel and dentin margins of the restorations. Represen-
tative microleakage photographs are presented in Figs. 1e3.Table 2 Microleakage distribution in enamel margins in
the study groups.
Materials Application
mode
Microleakage scores
0 1 2 3
AdheSE One VivaPen MD 2 15 2 5
DA 5 17 2 0
HR 4 15 3 2
Xeno V MD 0 11 8 5
DA 2 13 8 1
HR 3 17 2 2
OptiBond All-In-One MD 12 5 1 6
DA 7 12 4 1
HR 15 7 1 1
DA Z double application; HR Z hydrophobic resin layer;
MD Z manufacturers’ directions.Only Xeno V showed a significant difference between
application modes in terms of microleakage at the enamel
margins. The application of an extra layer of hydrophobic
resin decreased microleakage at the enamel margins
(P Z 0.005) in comparison with the control group (as per
the manufacturers’ application directions), but we found
no significant difference between the control and double-
application groups (P > 0.017). For OptiBond All-In-One and
AdheSE One VivaPen, the three application modes exhibi-
ted similar degrees of microleakage at the enamel margins
(P > 0.017).
For AdheSE One VivaPen, different application modes
produced significant differences in microleakage scores at
the dentin margins: a double application of this adhesive
(P Z 0.0004) and the application of a hydrophobic resin
layer (P Z 0.0002) decreased microleakage at the dentinFigure 1 Representative microleakage photograph for Opti-
Bond All-In-One (hydrophobic bonding layer was applied).
A score of 0 (no microleakage) was obtained for dentin and 1
(slight microleakage) for enamel.
Figure 2 Representative microleakage photograph for
AdheSE One VivaPen (adhesive was applied twice). A score of 1
was obtained for dentin and 2 (moderate microleakage) for
enamel.
Sealing capacity of one-step self-etch adhesives 429margins in comparison with the control group. For OptiBond
All-In-One and Xeno V, no significant difference was found
at the dentin margins among the three modes of application
(P > 0.017).
When adhesives were applied according to the manu-
facturers’ directions, the microleakage scores at the dentin
margins of OptiBond All-In-One were significantly lower
than those of AdheSE One VivaPen and Xeno V (P < 0.017).
Microleakage values for OptiBond All-In-One were alsoFigure 3 Representative microleakage photograph for Xeno
V (control). A score of 3 (severe microleakage) was obtained
for dentin and 1 for enamel.significantly lower than those for Xeno V at the enamel
margins (P < 0.017).
Comparison of the enamel and dentin scores for each
adhesive in Group 1 (control) using the Wilcoxon signed-
rank test showed that there was no significant difference
between leakage at the enamel and dentin margins for
OptiBond All-In-One (P > 0.05). AdheSE One VivaPen and
Xeno V permitted more dye penetration at the dentin
margins than at the enamel margins (P < 0.05). In Groups 2
(double application) and 3 (with hydrophobic bonding),
leakage at the enamel margin was similar to that at the
dentin margin for each brand (P > 0.05). AdheSE One
VivaPen was an exception, actually yielding more dye
penetration at the dentin margins when combined with
hydrophobic resin.Discussion
Microleakage is the diffusion of oral micro-organisms,
fluids, and chemical substances through the interface
between the tooth structure and the restorative material.
Microleakage studies aim at providing information about
the sealing ability of the restorative material. Microleakage
at the tooth/restoration interface is an important factor in
the maintenance of dental restorations. Failure of the
restoration to seal properly may contribute to marginal
staining, postoperative sensitivity, pulp inflammation, and
recurrent caries.12,13 Several researchers have suggested
that one-step self-etch adhesives are less effective than
other adhesives in preventing leakage from restoration
margins.15e17
This in vitro study, therefore, evaluated the efficacy of
two application modes (double application and an addi-
tional hydrophobic resin coating) in reducing the micro-
leakage of one-step self-etch adhesives. The results
showed that the effects of application mode on the
microleakage of one-step self-etch adhesives depend on
the adhesive used. The application of an extra layer of
hydrophobic resin and a double application of adhesive
both achieved equivalent or lower microleakage values
than those obtained following the manufacturers’ recom-
mendations. In other words, no unfavorable effect was
observed with the use of these techniques for the three
one-step self-etch adhesives tested.
AdheSE One VivaPen, Xeno V, and OptiBond All-In-One
have similar acidity levels (Table 1), which should cause
similar demineralization patterns. They are known as
moderately strong self-etch adhesives; unlike strong self-
and total-etch adhesives, they create only a submicron
hybrid layer.18 In addition to micromechanical interlocking
through hybridization, specific functional monomers of
these adhesives may interact chemically with residual
hydroxyapatite crystals that remain available in the
submicron hybrid layer.18,19
Although the tested adhesives have similar mechanisms
of adhesion, OptiBond All-In-One achieved the lowest
microleakage score at both the enamel and the dentin
margins. Several mechanisms may account for the superior
performance of OptiBond All-In-One. The longer adhesive
application time (40 seconds) recommended by the
manufacturer may improve the etching ability of OptiBond
430 M. Ulker et alAll-In-One by increasing the exposure time of acidic
reagents. Chemical composition of OptiBond All-In-One also
differs from that of the other adhesives. This adhesive uses
a ternary solvent system (water, acetone, and ethanol)
that, according to the product’s technical bulletin,
provides effective etching, enhanced material stability,
and a uniform adhesive layer. AdheSE One VivaPen uses
water as a solvent and Xeno V uses a watereethanol
mixture. Functional acidic monomers of these adhesives
also differ: OptiBond All-In-One uses glycerol phosphate
dimethacrylate as the functional monomer, AdheSE One
VivaPen uses phosphonic acid acrylates, and Xeno V
contains functionalized phosphoric acid esters.
OptiBond All-In-One contains nanofillers; previous
reports20,21 found that the collagen fibril network filters out
most nanofillers, holding them at the hybrid layer surface
where they act as an intermediate shock absorber. Reduced
microleakage scores have been reported for filled adhe-
sives.16,22,23 These differences in chemical composition
may have helped create a thicker, more homogeneous resin
layer above the hybrid layer using OptiBond All-In-One,
which may have improved resistance to microleakage.
Moreover, under the conditions of this study, neither the
double application of this adhesive nor the application of
a hydrophobic resin layer over the cured OptiBond All-In-
One adhesive reduced microleakage scores in comparison
with the application according to the manufacturers’
directions. Lower leakage values can be obtained with
OptiBond All-In-One adhesive applied according to the
manufacturers’ directions; it is not necessary to consider
alternative modes of application.
For both AdheSE One VivaPen and Xeno V, the addition
of a hydrophobic solvent-free resin layer significantly
decreased microleakage scores. Several mechanisms
could explain these results. It appears that when using
a two-step protocol with one-step self-etch systems, an
additional application of a hydrophobic bonding layer
increased the concentration of hydrophobic monomers,
thereby reducing the relative concentration of solvents
and hydrophilic monomers at the adhesive interface. This
finding has been demonstrated by previous studies.8,10,24
Application of a hydrophobic coating also appears to
limit the diffusion of water through the hybrid layer to the
interface between the adhesive and resin composite;
otherwise, this diffusion might have occurred rapidly.2,25
The additional hydrophobic layer increased the thickness
of the adhesive layer, which is known to reduce the
unfavorable polymerization shrinkage effects of compos-
ites.26,27 Choi et al26 reported that the contraction stress
generated during the placement of a composite restora-
tion contributed significantly to early marginal leakage.
The contraction stress decreased significantly as adhesive
thickness increased, and the additional adhesive layering
in the marginal area of Class V cavities reduced the overall
degree of microleakage.26
Different results were obtained with double applications
of adhesives. Double application of AdheSE One VivaPen
decreased microleakage scores at the dentin margins,
whereas that of Xeno V did not decrease the scores at
either margin. This may be attributed, in part, to the
different chemical compositions of these two adhesives:
Xeno V is an unfilled adhesive, whereas AdheSE OneVivaPen contains highly dispersed silicon dioxide filler
particles. The double application of AdheSE One VivaPen
could have resulted in accumulation of higher amounts of
filler particles within the resin layer. This increased filler
content may have contributed to the thickness and
uniformity of the resin layer.23
The superior performance of the double application of
AdheSE One VivaPen over single application could also be
explained by some other mechanisms. As the first layers of
the adhesive begin to etch the tooth substrate, it is rapidly
buffered by hydroxyapatite11,28; additional layers of unpo-
lymerized acidic monomers may then improve the etching
ability of these adhesives by increasing the concentration
of acidic reagents. In addition, the additional supply of
adhesive may cause greater resin impregnation.10,11
Concentration of comonomers increases as the solvent
evaporates between each coat,10 thereby improving the
quality of the hybrid and adhesive layers.29 Taken together,
these layers may improve the bonding of composite resin to
the cavity wall and the resistance to shrinkage stresses,
thereby limiting leakage from restoration margins.
Microleakage can be detected using several techniques,
including bacterial, chemical, or radioactive tracer mole-
cules; fluid permeability; and dye penetration.12 Dyes are
most commonly used for this purpose; their penetration is
determined with a magnifying aid after sectioning the
specimen. In the current study, basic fuchsin dye was used
to detect microleakage at the enamel and dentin margins.
The main advantages of this technique are its low cost and
ease of application. However, the subjectivity of reading
the specimens has been noted as a shortcoming of this
methodology.12 This may be overcome by having two eval-
uators examine the specimens on the same day under
similar conditions; the interexaminer kappa scores for
assessment of microleakage were very high (>0.9) in our
study. Specimens were subjected to 500 thermal cycles
prior to being immersed in the basic fuchsin dye. Thermo-
cycling is a widely used artificial aging method. This tech-
nique allows bonded specimens to be subjected to variation
in temperatures, similar to the conditions in the oral cavity.
The number of thermal cycles preferred by the authors of
this study was as recommended by the ISO TR 11450 stan-
dard (500 cycles in water at 5e55C).
All test groups in this study exhibited considerable dye
penetration (Table 2 and Table 3); complete prevention of
dye penetration could not be achieved. Dye penetration
through the margins of adhesive resin-composite restora-
tions may be related to a high rate of polymerization stress
associated with the cavity design (cavity configuration
factordC-factor). The C-factor is the ratio between the
bonded and free surfaces of the cavity.30 In this study, the
C-factor was equal for all groups because all restorations
were made in standardized prepared cavities using the
same brand and shade of composite resin (Gradia Direct
Anterior). The cavities prepared in this study were of Class
V, which produced a high C-factor that increased stress at
the tooth/restoration interface during polymerization
shrinkage of the composite, because the restoration-free
surface was small in comparison with the surface bonded
to the cavity. In addition, composite resin was applied to
the Class V cavities using the bulk technique, without any
concern for reducing the C-factor in the cavity.
Sealing capacity of one-step self-etch adhesives 431Microleakage at the dentin margins was greater than
that at the enamel margins for control groups using AdheSE
One VivaPen and Xeno V and for the hydrophobic-resin-
coating group of AdheSE One VivaPen. The other adhesive/
application mode combinations resulted in similar enamel
and dentin microleakage values. Several authors have re-
ported that adhesion to dentin demonstrated less perfect
margins and more marginal openings than observed with
enamel cavity segments.31e33 Dentin exhibits wider bio-
logical variability than enamel, which makes it much more
complicated to produce good adhesion that resists the
negative effects of polymerization shrinkage and subse-
quent thermal and mechanical stress factors. Despite
continuing evaluation of adhesive systems, a perfect bond
to dentin that completely seals the cervical margins has not
been achieved to date.33
Within the limits of the current study, the double
application of adhesive or the application of an additional
hydrophobic resin layer did not adversely affect the sealing
ability of one-step self-etch adhesives. These alternative
modes of application may contribute to low microleakage
values, depending on the type of adhesive.
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